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Carbo-Nitrogen Sulphide in Steel Containing Titanium

Synopsis :

Kiichi NArRITA and Hireshi MATSUMOTO

The structure and composition of a titanium carbo-nitrogen sulphide in steels have been determined
by means of X-ray diffraction, electron diffraction and electron-probe microanalysis.

The carbo-nitrogen sulphide has a structure similar to that of TiP with a dimension of hexagonal unit
cell of a=3-2104, ¢=11'204, and ¢/a=3"49. Its chemical formula is shown by Ti,(C,», N,)2S,, where

m-+n=1.
thermal history of steels.

The carbo-nitrogen sulphide is chemically stable as to be extracted from various steels
electrolytic

titanium by mineral acid-dissolution and

The ratio of m to n depends on the chemical composition,

solidification condition and

containing
methods using these acids, but decomposes

gradually in hot mineral acids and oxidizing reagents.
(Received 18, March 1972)
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Table 1. Chemical composition of specimens (%).
Specimen C Si Mn P S Cu Ni Cr | Mo Co Ti Al O N
A 0-058 0-049; 1'75 { 0°028| 0°013 — 10°62| 17-40, — — 0-25| 0-030,0°-0022|0-0186
B 0°060 0-59 | 1'61 { 0°031{ 0-007| O-14 | 12-00] 18-28 — —| 0-36] 0-018,0°0018/0-0105
C 0-018] <0-°005| 0:015; 0°014| 0-007[ 0°005] 17-69; 0-004] 4-63| 11:81; 1-83| 0-106/0'0036!0-0056
D 0°006 0-029; 0:012| 0-003| 0-005| 0-004] 18-08/ 0-021| 4-63| 12:05 1-82| 0-172/0°0008,0-0030
E 0°050 — — —| 0-005 — — — — — 018 —i0-0029:0-0018
Table 2. Electron-probe microanalysis of titanium carbo-nitrogen sulphide inclusions*.
Inclusion Ti (%) Fe (%) C (%) N (%) S (%)
(a) in Photo. 1, A** 63'6 3-3 0-2 85 22-2
(b) in Photo. 1, A** 67:0 0-5 0-2 88 22-9
(c¢c) in Photo. 1, C** 62-9 5-3 03 9-5 22-3
(d) in Photo. 1, D** 61-7 5-0 02 9-8 22°5
Photo. 2, B ** 637 5-4 08 9:0 219
Angular, B ** 64-5 4-0 18 83 22'5
Plate-like, E #* 665 2-2 35 7-2 23-0
TiSt 59-9 — — — 401
Ti,CSt 685 — 8:6 — 22-9
Ti, NSt 675 — — 99 22-6
Ti,ST 74-9 — — — 25-1

* Silicon, manganese and chromium were not detected.

T Theoretical calculation on the referred compound.

** A, B, C, D and E are specimen in Table 1.
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(a), (b) : specimen A, (c) : specimen C, (d) specimen D

Photo. 1. Microstructures of titanium carbo-nitrogen

sulphide inclusions.
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Photo. 2. Scanning images of characteristic X-ray
from titanium carbo-nitrogen sulphide in
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the specimen B.
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Table 3. X-ray diffractjc?n data. Recommended unit cell; a=3"2104, c:ll"ZOA, ¢/a=349, TiP Type, D p¢-P63/mme.
TiGCS,; D ‘ f—les 6) Residue in A Residue in E
d(Ay | 11 'i Rkl d(A) UL_ hel . d(A) 4 I, d(A) j /1,
2-783 | 50 (100 ﬂ 2-77 50 100 . 2-78 30 2-783 20
‘ 2-69 20 101 2-713 5
2-485 10 102 | 2-49% 20 2-496* 40
2-225 100 103 = 2-22 100 103 2-297 100 2-230 100
1-977 2 104 1-963 20 104 1-974 10 1-970 5
1-869 50 006 1-859 30 006 1-870 10 1-869 10
: 1°736 | 10 105 i 1-714 5
1-606 60 110 . ! 1-604 30 1-604 20
J  1°596 ; 70 007 -
f ©1-542 50 112 . 1-551 10 1-552 10
1536 20 106 | :
1-392 20 (300) | : 1-388 10
1-381 - 60 201
1-299 50 203 1-298 50 203 | 1°301 15 1-283 5
1-217 50 116 1-212 50 116 *  1-227 10 1-217 10

(Note) Target : Co * Overlapped with diffraction of TiC

Intensities of TiyC2S; and ¢-Ti,S are by visual estimation, and of the residues are by scintillation-counter diffractometer.

The titanium atorns are largest dotted circles.
The carbon and nitrogen atoms are smallest white circles.
The sulphur atoms are black circles.
a=3'210A ¢=11"20A c¢/a=3"49
Fig. 1. Hexagonal lattice of titanium carbo-nitrogen

sulphide Ti,(C,;, N;)2S;, where m+na=1.
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